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[57] ABSTRACT

An apparatus for supplying fluids to a converter has a
rotary joint coupled to a trunnion shaft, one end of the
rotary joint being connected to fluid supply pipes and
the other end to fluid conduits communicating with
tuyeres at the bottom of the converter. The rotary joint
comprises a fixed casing and a rotary assembly, that is
sealedly and rotatably fitted in the casing and connected
to the trunnion shaft. The rotary assembly has a cylin-
drical member fitting in the casing. A plurality of axially
spaced, circular communication grooves are provided
in at least one of the internal surface of the casing and
the external surface of the cylindrical member. The
cylindrical member is provided with a passageway
which opens into the communication grooves at one
end and into the atmosphere where the cylindrical
member emerges outside the casing at the other. The
fluid supply pipes are attached to the casing so as to
communicate with the communication grooves and the
fluid conduits to the exposed part of the cylindrical
member so as to communicate with the passageway.

15 Claims, 23 Drawing Figures
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1_

APPARATUS FOR SUPPLYING FLUIDS TO A
' CONVERTER

BACKGROUND OF THE INVENTION

This invention relates to apparatus for supplying a
plurality of different fluids, independently and simulta-
neously, to a bottom-blown or a top-and-bottom blown
converter through a metal-refining gas injecting nozzle
and an annular nozzle positioned therearound so as to
inject cooling fluids to project the refining gas injecting
nozzle, both nozzles being provided in the converter
bottom.

Generally an, apparatus for supplying oxygen, hydro-
carbon gas, nitrogen gas, cooling water and the like
independently and simultaneously to a bottom- or top-
blown converter includes a rotary joint coupled to the

3
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shaft of a trunnion ring supporting the converter. The

rotary joint has a plurality of fluid passageways on the
inside, thereof which lead to an injection nozzle or a
converter cooling device by way of passageways in the
trunnion shaft or pipes extending through sleeves fitted
in the trunnion shaft. | -

Conventionally, a rotary joint for the top- and bot-
tom-blown converters has been a simple assembly made
up of a plurality of coaxially disposed pipes. As the
number of injecting fluids increase, the number of coax-
ial pipes 1s increased accordingly. Usually about four
pipes or so having different diameters, are coaxially
extended. The difficulty of this arrangement is related
to the need to keep the pipes of different diameters
positioned around the same axis.

The conventional bottom-blown converters include
two pipes, having different diameters, which are con-
centrically arranged inside the rotary joint to provide
separate passageways for the refining oxygen and pro-
tective gas, and the pipings leading from the trunnion
ring to the bottom are bifurcated so as to supply the
fluids to the individual nozzies. With this design, in the
event that a particular nozzle suffers extraordinarily
rapid erosion, the flow rates and therefore the ratio of
the oxygen to protective gas supplied to the nozzle in
question cannot be controlled independently. There-
fore, erosion of a single nozzle endangers the life of the
entire bottom of the converter. Even if the bricks posi-
tioned around other tuyeres are still usable, the entire
bottom must be replaced, causing a great economic loss.

If the supply of protective gas to an extraordinarily
eroded nozzle is increased so as to provide more cool-
ing, molten metal adheres to the exit end of the tuyers,
thereby protecting the brick near the tuyers and lower-
ing the wearing rate of the damaged nozzle. By this
means, all tuyeres are allowed to wear uniformly. On
the other hand, tuyere clogging is likely to occur, but
this trouble can be eliminated by reducing the supply of
protective gas and, thereby, melting away the excess
metal or refractory material. To achieve this type of
control, a flow-rate control valve must be provided in a
protective gas conduit leading to each individual noz-
zle. However, flow-rate control valves cannot be pro-
vided close to the converter shell because of high tem-
peratures associated therewith. Even if the valves were
installed, they might possibly be damaged by the falling
material. More over, it is very difficult to provide effec-
tive thermal protection to the electrical wiring etc.
required for the valve operation. Accordingly, the
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flow-rate control valves must be positioned at a consid-

erable distance away from the converter.

Another method commonly employed plugs the ex-
traordinarily worn-down nozzle with metal or refrac-
tory material. But this method , of course, has its limit,
because satisfactory refining cannot be accomplished
when too many tuyeres are plugged. At any rate, even

if this method is utilized an early bottom change is inevi-
table.

" SUMMARY OF THE INVENTION

The present invention functions to effectively elimi-
nate the aforementioned problems and therefore has
various advantages when compared to the fluids supply
apparatus of the prior art for converters. An object of
the present invention is to provide an apparatus for
supplying many kinds of fluids to converters that is easy
to manufacture. '

Another object of the present invention is to provide
an apparatus for supplying fluids to a converter that is

‘capable of independently controlling the flow rates of

each of the fluids.

An apparatus for supplying fluids to a converter ac-
cording to the present invention has a rotary joint cou-
pled to a trunnion shaft, one end of the rotary joint
being connected to fluid supply pipes and the other end
to fluid conduits communicating with tuyers located at
the bottom of the converter or vessel. The rotary joint
comprises a fixed casing and a rotary assembly that is
scaledly and rotatably fitted in the casing and connected

- to the trunnion shaft. The rotary assembly has a cylin-

drical member fitted within in the casing. A plurality of
axially spaced, circular communication grooves are
provided in the inner peripheral surface of the casing
adjacent the outer peripheral surface of the cylindrical
member. The cylindrical member is provided with pas-
sageways which open into a respective communication
groove at each passageway one end and each passage-
way other end communicates with a conduit attached to
the cyhindrical member where it emerges from the cas-

- ing. Fluid supply pipes are attached to the casing so as
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to communicate with ‘a respective communication
thereby respectively communicating each to the supply
pipe with a conduit via a respective communication
groove and passageway.

The apparatus according to the present invention is
easy to manufacture because the rotary joint thereof
does not comprise a plurality of pipes and cylinders
superimposed one over another. Additionally, this fea-
ture allows the connecting of many supply pipes and
conduits to the rotary joint. Accordingly, gases and
fluids can be supplied independently to each tuyere.
Also, flow-rate values are provided upsiream of the
rotary joint so as to regulate the fluid injection flow rate
for each tuyere. This, in turn, permits independent con-
trol of the cooling of each tuyere, thereby preventing
the extraordinary erosion of the tuyeres and surround-

ing brick and, consequently, lengthening the vessel life
remarkably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a converter and a
conventional fluids according to the prior art supply
apparatus;

FIG. 2 1s a cross-sectional view of a converter and a
fluid supply apparatus of the first preferred embodiment

according to the present invention.
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FIG. 3 is a cross-sectional view of a rotary joint of the
apparatus shown in FIG. 2;

F1G. 4 1s a partially cross-sectional perspective view
showing part of the rotary joint shown in FIG. 2;

FIG. 5 is a cross-sectional .view showing a modified
form of a communication groove of the rotary joint
shown in FIG. 3;

FIG. 6 is a cross-sectional view showing another

embodiment of the rotary joint according to the present
invention

FI1G. 7 is a cross-sectional view taken along the line
VII—VII of FIG. 6;

FIG. 8 is a cross-sectional view showing still another
embodiment of the rotary joint according to the present
invention;

FIG. 9 is a cross-sectional view taken along the line
IX—IX of FIG. 8;

FIG. 10 is a cross-sectional view showing yet another
embodiment of the rotary joint according to the present
invention; ~

FIG. 11 is a cross-sectional view showmg a further
embodiment of the rotary joint.

FIG. 12 is a cross-sectional view taken along the line
XII—XII of FIG. 11;

FIG. 13 is a partially cross-sectional view showing an
embodiment of a fluid pipe passing through a trunnion
ring and shaft according to the present invention;

FIGS. 14 and 15 show an embodiment according to
the present invention wherein a sleeve 1s fitted over a
trunnion ring and shaft; FIG. 14 shows a longitudinal
cross section of the sleeve, and FIG. 15 a transverse
cross section thereof;

10

4
nozzle 8, surrounding said nozzle 7, for injecting a ves-
sel-protecting gas (such.as propane gas).

The vessel 2 is supported by a trunnion ring 9 which
rests on horizontally extending trunnion shafts 10 and
11. The trunnion shafts 10 and 11 are supported by
bearings (not shown). One trunnion shaft 10 is coupled
to a driving system (not shown) comprising a motor,
gear transmlssmn, etc., which tilts the vessel 2 by way
of the trunnion ring 9 The other trunnion shaft 11 is
linked to a rotary joint 12 which supplies oxygen and
other fluids to said nozzles 7 and 8 and to a vessel cool-
ing system (not shown). '

- The rotary joint 12 comprises a casing 13 and a rotary

~assembly 14 rotatably fitted therein. The rotary assem-
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FIG. 16 is a side view of an embodiment according to

.the present invention showing a rotary joint support;

- FIG. 17 is a front view of the support shown in FIG.
16; |

- FIG. 18 shows a device according to the present
invention which reduces the effect of the forces of fluids
exerted on the fluid supply pipes connected to the ro-
tary joint;

FIG. 19 is an enlarged detailed view of the fluid force
effect reducing device shown in FIG. 18;

FIG. 20 shows another embodiment of a fluid force
effect reducing device according to the present inven-
tion which is connected to a fluid supply pipe;

FIG. 21 is a detail view of the embodlment of the
device shown in FIG. 20.

FIG. 22 shows a modification of the device shown in
F1G. 21; and |

FIG. 23 is a cross-sectional view showing yet another
embodiment of the rotary joint constituting the fluid
supply apparatus according to this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

To facilitate the understanding of the novel charac-
teristics and favorable results obtained by the present
invention, a conventional apparatus for supplying fluids
to converters will be described first.

FIG. 1 shows a top-and-bottom blown converter and
~ an accompanying fluids supply apparatus according to
the prior art.

A vessel 2 of a top-and-bottom blown converter 1
comprises a steel shell 3 and a refractory lining 4 pro-
vided on the inside thereof. The bottom § is provided
with at least two tuyeres 6, each tuyere 6 having a noz-
zle 7 for injecting metal-refining oxygen and an annular
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bly 14 comprises an inner pipe 15, outer pipe 16, inner
cylinder 17 and outer cylinder 18 which are disposed
coaxially and isolated from one another. A bearing 19
and a sealing packing 20 are interposed between the
casing 13 and rotary assembly 14 to facilitate the rota-
tion of the rotary assembly 14 and prevent the leakage
of the fluids between the casing 13 and rotary assembly
14.

- Coupled to the trunmcn shaft 11, the rotary assembly
14 rotates integrally with the trunnion ring 9 and, there-
fore, the vessel 2. The inner pipe 15 of the rotary assem-
bly 14 communicates with an oxygen supply pipe 21,

which is fixed to the casing 13, and with an oxygen pipe

22, which passes through the trunnion ring 9 and trun-
nion shaft 11. The oxygen pipe 22 connects with said
oxygen injection nozzle 7 through a header 23. An
annular space 24 located between the inner pipe 15 and
outer pipe 16 communicates with a protective gas sup-
ply pipe 25 fastened to the casing 13. The near end with
respect to the vessel 2 of the annular space 24 communi-

cates with a protective gas pipe 26 which passes
through the trunnion ring 9 and trunnion shaft 11. The
protective gas pipe 26 leads to the protective gas injec-

tion nozzle 8 through a header 27.

A cooling water supply pipe 28, connected to the
casing 13, communicates with an entry-side cooling
water pipe 29 which is fastened to the inner cylinder 17
of the rotary assembly 14. The cooling water supplied
from the supply plpe 28 returns to an exit-side cooling
water plpe 30 which is fastened to the outer cylinder 18,
after passing through the vessel cooling system (not
shown). The returned cooling water 1s discharged
through a cooling water discharge pipe 31, connected
to the casing 13.

In the conventional fluids supply apparatus described
above, oxygen and a protective gas, the quantities of
which having been regulated by flow-rate control
valves 32 and 33 respectively provided in the oxygen
supply pipe 21 and in the protective gas supply pipe 25,
are supplied to the injection nozzles 7 and 8 through the
headers 23 and 27. Therefore, it is impossible to control -
the flow rates of the two gases independently at the
individual nozzles, as previously discussed in connec-
tion with the background of the present invention. FIG..
1 shows a substantially worn-out part 34 of the bottom
refractory near a tuyere 6, the wearing being due to the
inability of independent flow rate control.

'As stated before, the conventional rotary joint com-
prises the inner pipe 15, outer pipe 16, inner cylinder 17
and outer cylinder 18 which are concentrically ar-
ranged, one peripherally around another. Accordingly,
an attempt to control the flow rates of fluids at the
individual nozzles requires increasing the number of
pipes and/or cylinders according to the number of noz-
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zles. This naturally complicates the structure of the
rotary joint and makes the manufacturing thereof very
difficult.

FIGS. 2, 3 and 4 show a first embodiment of this
invention. Since the vessel in FIG. 2 is similar to the
above-described conventional one, the same reference
numerals as used in FIG. 1 are employed for designa-
tion.

As evident from FIGS. 3 and 4, a fluids supply appa-
ratus according to the present invention has a rotary
joint 35 whose structure 1s substantially different from
that of the conventional one. As shown in FIG. 2, the
rotary joint 35 is fastened, by means of a flange 38, to
one end surface of a non-driven trunnion shaft 37 pro-
jecting outwardly from a trunnion ring 36. The rotary
joint 35 consists a casing 39 and a rotary assembly 40.

As shown in FIG. 3, the casing 39 comprises three

10

15

- cylindrical members 41, 42 and 43 which are assembled

systematically, with an elbow 44 fastened to the far end
thereof with respect to the vessel (at the right of the
figure). The elbow 44 is coupled to an oxygen supply
pipe 45. The casing 39 is open at the near end, with
respect to the vessel, in which the rotary assembly 40 is
fitted. The middle cylindrical member 42 of the casing
39 has on one inner radial surface a cylindrical projec-
tion 46 that coaxially extends toward the near end with
respect to the vessel (at the left of the figure). The mid-
dle cylindrical member 42 is connected to a cooling
water supply pipe 48 communicating with an annular
space 47, which is defined by the space between the
inner periphery of the projection 46 and the outer pe-
riphery of an inner pipe 51 and a cooling water dis-
charge pipe 50 communicating with an annular space 49
‘which is defined by the space between the outer periph-
‘ery of the projection 46 and the outer peripheral wall of
the cylindrical member 42, the two pipes 48 and 50
being circumferentially spaced from each other.

The rotary assembly 40 has an inner pipe 51, outer
pipe 52 and outer cylinder 53, the outer pipe 52 and
outer cylinder 53 being coamally connected to a body
54 at the near end.

The inner pipe 51 has a cylindrical-block-like sliding
part 55 at the far end thereof, which is rotatably fitted
radially inside the cylindrical members 42 and 43 of the
casing 39. Between the cylindrical member 43 and the
sliding part 55 is interposed a ball bearing 56, to facili-
tate the smooth rotation of the rotary assembly 40, and
O-rings 57 to prevent the leakage of the fluid therefrom
from the rotary assembly 40. The far end of the inner
pipe 51 communicates with said elbow 44. The near end
of the inner pipe 51 is connected to an intermediate pipe
59 which is inserted into a horizontal opening S8 pro-
vided in the trunnion ring 36 and trunnion shaft 37.

The near end of the cylindrical projection 46 of the
casing 39 is rotatably fitted to. The far end of the outer
pipe 52 O-rings 60 are provided where the outer pipe 52
is fitted to the projection 46 to prevent the leakage of
fluid. An annular space 61, formed between the outer
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40
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periphery of the inner pipe 51 and the inner periphery of 60

the outer pipe 52, communicates with the annular space
47, and an entry-side cooling water pipe 62 1s connected
to the body 54 and communicates with the annular
space 61. Therefore, the cooling water supplied by the
cooling water supply pipe 48 flows through the annular
spaces 47 and 61, by the arrow a, and then to the vessel
cooling system (not shown) through the entry-side
cooling water pipe 62.

65
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The outer cylinder 83 of the rotary assembly 40 is
rotatably fitted in the cylindrical member 41 at the near
end of the casing 39, as shown 1n FIGS. 3 and 4. Ball
bearings 63 are interposed between the outer periphery
of the outer cylinder 83 and the inner periphery of the
cylindrical member 41 to facilitate the rotation of the
rotary assembly 40. Two circular -communication
grooves 64 and 65 are formed in the inner peripheral
surface of the cylindrical member 41 in such a manner
as to be axially spaced along the longitudinal axis
thereof. The cylindrical member 41 of the casing 39 is
provided with communication ports 66 and 67 which
respectively communicate the communication grooves
64 and 65 with pipes 68 and 69. Protective gas supply
pipes 68 and 69 are connected to the member 41 and
respectively communicate with the communication
ports 66 and 67. The outer cylinder 53 of the rotary
assembly 40 is provided with conduction ports 70 and
71 which respectively communicate with the communi-
cation grooves 64 and 65. The conduction ports or
passageways 70 and 71 open into the communication
grooves 64 and 65 respectively, extend longitudinally
along the longitudinal axis of the cylindrical member 41
and then radially outwardly extend along the radially
projecting part 72. The conduction ports 70 and 71 are
circularly spaced from each other, and protective gas
pipes 73 and .74 are connected to the radially projectin g
part 72 and communicate with the exit end of the co
munication ports 70 and 71, respectively. Accordmgly,
the protective gas supplied by the protective gas supply
pipes 68 and 69 flows to the protective gas conduits 73
and 74 by way of the communication ports 66 and’ 67,
communication grooves 64 and 65, and conductlon
ports 70 and 71. -

Sealing O-rings 75 are provided on both longitudi-

nally sides of each of the communication grooves 64
and 65. The far end of an annular space 76, formed
between the outer periphery of the outer pipe 32 and
inner periphery of the outer cylinder 53, communicates
with the annular space 49 formed by the inner periphery
of the middle cylindrical member 42 of the casing 39
and the outer periphery of the projection 46.
- The near end of the annular space 76 communicates
with an exit-side cooling water pipe 77 fastened to the
body 54 of the rotary assembly 40. The cooling water
returned from the vessel cooling system (not shown)
through the exit-side cooling water pipe 77 passes
through the annular space 76 as indicated by the arrow
b, and then discharges through the cooling water dis-
charge pipe 0. |

As shown in FIG. 2, an axially extending opening 358
communicates with a chamber 78 provided in the trun-
nion ring 36. The chamber 78 contains a manifold 79,
and the near end of the middle pipe 59 passes through
the far-end wall of the manifold 79 and is welded
thereto. The trunnion ring 36 has a radially extending
opening 80 extending downwardly from the chamber
78, with an intermediate pipe 81 passed through the
opening 80. Passing through the bottom wall of the
manifold 79, the upper end of the intermediate pipe 81 1s
welded to the manifold 79. After the welding, the mani-
fold 79 is covered with a blind plate 82.

An oxygen pipe 83, connected to the lower end of the
intermediate pipe 81, leads to a pipe 84 extending below
the bottom 5. Oxygen is blown into the vessel through
an oxygen injection nozzle 7 which is connected to the
pipe 84. A sleeve 85 is fitted around the trunnion shaft
37. The sleeve 85 is provided with a plurality of axially
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extending openings 86 which are circularly spaced from
each other. The protective gas pipes or conduits 73 and
74, and entry- and exit-stide cooling water pipes 77 and
62 extend from the rotary assembly 40 and are fastened
to the sleeve 85 so as to communicate with the horizon-
tal openings 86. Extending beyond the sleeve 85 toward
the bottom 5, the protective gas pipes 73 and 74 are
connected to the annular protective gas injection nozzle
8.

As the trunnion ring 36 tilts, the rotary assembly 40
connected thereto rotates integrally with the trunnion
ring 36, with respect to the casing 39. The rotation of
the rotary assembly 40 does not effect the communica-
tion between the oxygen supply pipe 45 and oxygen
pipe 83, the protective gas supply pipes 68 and 69 and
protective gas supply conduits 73 and 74, the cooling
water supply pipe 48 and entry- and exit-side cooling
water pipes 62 and 77 or the cooling water pipe 77 and
the cooling water discharge pipe 50.

In operating the converter of this type, a uniform

10
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quantity of oxygen, regulated by a flow-rate control

valve 87, is supplied to each tuyere 6. The injection rate
of the protective gas must be controlled for each tuyere
6 depending on the degree of erosion of the bottom 3.
For this purpose, the protective gas supply pipes 68 and
69 connected to the rotary joint 35 of this invention
respectively have flow-rate control valves 88 and 89 as
shown in FIG. 2. This allows independent control of
the protective gas injection rate for each individual
tuyere 6, thereby preventing extraodinary wear of the
vessel refractory.

Instead of the communication grooves 64 and 65
provided in one cylindrical member of the casing 39, a
communication groove 91 may be provided in the outer
peripheral surface of an outer cylinder 90 of a rotary

assembly, as shown in FIG. 5. Also, a communication
groove may be provided in both the casing and outer

cylinder.

FIGS. 6 and 7 show another embodiment according
to the present invention. Instead of two protective gas
pipes being connected to the rotary joint as in the
above-described embodiment, four protective gas pipes
are connected to the roary joint in this second embodi-
ment, which is similar to the first embodiment 1 its
other basic structural characteristics. Therefore, no
description and like reference numerals are given to
those parts in FIGS. 6 and 7 which respectively corre-
spond to like parts in FIG. 3.

Four communication grooves 94 are provided in the
inner peripheral wall of a cylindrical member 93 which
is part of a casing 92, and the grooves 94 are axially
spaced along the longitudinal axis of the cylindrical
member 93. Four protective gas supply pipes 95, respec-
tively communicating with the individual grooves 94,
are fastened to the cylindrical member 93. Four protec-
tive gas pipes or conduits 98, respectively communicat-
ing with the communication grooves 94, are connected
to an outer cylinder 97 of a rotary assembly 96. Ar-
ranged as described above, this embodiment permits an
independent supply of protective gas to each of four
tuyeres. An increase in the number of the protective gas
pipes and conduits can be accomplished by lengthening
the cylindrical member 93 of the casing 92 and the outer
cylinder 97 of the rotary assembly 96, thus resulting in
a simple structure and which facilitates the manufactur-
ing thereof.

FIGS. 8 and 9 show a third embodiment according to
the present invention, which is similar to the second
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embodiment. Therefore, no description and reference
numerals are given to the similar parts of the embod:i-
ments.

As shown in FIGS. 8 and 9, a middle pipe 101 i1s
coaxially provided between an inner pipe 99 and an
outer pipe 100. An annular space 102, formed by the
space between the inner pipe 99 and middlie pipe 101, is
closed by a plate 103 provided at the near end, and the
space 102 opens into a cylindrical member 105 of a
casing 104 at the far end. To the cylindrical member 103
is connected a short pipe 106, which, in turn, 1S con-
nected to a gas analyzer 108 by way of a conduit 107.
Having a build-in pump (not shown), the gas analyzer
invariably sucks, and analyzes, the gas from the annular
space 102. When detecting a leakage of oxygen from the
inner pipe 99, the gas analyzer 108 gives an alarm to the
operator, thus preventing the fire or explosion due to an
oxygen leak. A non-explosive gas, such as an Inert gas,
may be passed through said annular space 102. Also, the
plate 103 may be removed to communicate the annular
space 102 with the atmosphere. Furthermore, the gas
analyzer 108 may be eliminated, whereupon the annular
space 102 may serve as a buffer space.

FIG. 10 shows a fourth embodiment according to the
present invention, which is a modification of the third
embodiment. Accordingly, no description is given as to
the parts that are similar to those previously described
in the foregoing embodiments.

In this embodiment, a conduit 110 is coaxially pro-
vided inside an inner pipe 109. The far end 111 of the
conduit 110 passes through a cylindrical member 113
comprising the end of a casing 112, and a ball bearing
114 and a sealing O-ring 115 is provided between the
member 113 and the end 111. Therefore, the conduit
110 can sealingly rotate integrally with the inner pipe
109. An electric wire 116, which supplies electric power
to the auxiliary equipment of the converter or transmits
signals from various sensors, is passed through the con-

duit 110. The electric wire 116 1s connected to a power

'source or a signal processing unit (not shown) by way of

an electrical joint 117, such as a ship ring, provided on
the far end 111 of the conduit.

FIGS. 11 and 12 show a fifth embodiment according
to the present invention, in which oxygen is supplied to
the vessel bottom through a plurality of oxygen supply
pipes, instead of the single inner pipe used in the forego-
ing embodiments.

As shown in FIGS. 11 and 12, a casing 118 comprises
two cylindrical members 119 and 120 with different
diameters joined together at an interface. Four circular,
axially spaced communication grooves 121 are pro-
vided in the inner peripheral surface of the cylindrical
member 120 at the far end. Corresponding to the com-
munication grooves 121, four oxygen supply pipes 123,
which respectively communicate therewith through
respective communication ports 122, are attached to the
cylindrical member 120. Sealing O-rings 124 are pro-
vided on both axial sides of each communication groove
121. Similarly, a communication groove 12§, communi-
cation port 126, and sealing O-ring 127 are provided
with respect to the cylindrical member 119 at the near
end, to which a protective gas supply pipe 128 i1s con-
nected. The cylindrical member 120 at the near end
thereof is provided with a cylindrical projection 129
which is connected to a cooling water supply pipe 130
and a cooling water discharge pipe 131.
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As with the first embodiment, a rotary assembly 132
comprises an inner pipe 133, outer pipe 134, and outer
cylinder 135. | | |

A sliding part 136, extending longitudinally or axially
from the far end of the inner pipe 133, rotatably fits
within the cylindrical member 120, and a ball bearing
137 1s interposed therebetween. Four conduction ports
or passageways 138 are provided in the shding part 136,
with one end of each port respectively communicating
with one of the communication grooves 121. The con-
duction port 138 extends radially inward from the com-
munication groove 121, bends 90 degrees, and longitu-
dinally extends to the mner pipe 133. An oxygen pipe
139 is connected to the exit end of each conduction port
138. The pipe 139 axially extends through the inner pipe
133, and radially outwardly extends through a cylindri-
cal intermediate piece 142, disposed between a flange
140 of the rotary assembly 132 and a radial end surface
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sides thereof. When the rotary joint has trunnion shafts
connected to both sides thereof, the oxygen and cooling
water supply pipes, for example, are connected to one
shaft and the protective gas supply pipe are connected
to the other.

Likewise, the mmner pipe of the rotary joint need not
always be utilized the refining gas alone; the protective
gas or cooling water may be carried by the inner pipe,
as well.

Other fluids than the protective gas may be passed

through the conduction port, also.

15

of a trunnion shaft 141, thereby emerging radially out-

side of the intermediate piece 142. The oxygen pipe 139
connects with an oxygen injection nozzle at the bottom
of the vessel. |

The sliding part 136 may be a hollow cylinder, in-

20

stead of being a solid cylinder as in the above-described

embodiment. If the port 136 is a hollow cylinder, the
conduction port 138 is a radially extending hole, and the
far end of the oxygen pipe 139 is connected to the inside
of the sliding part 136 through an elbow.

As with the foregoing embodiments, the outer cylin-
der 135 of the rotary assembly 132 is provided with a
conduction port 143, with a ball bearing 144 interposed
between . the outer periphery thereof and the inner pe-
riphery of the casing 118, and a protective gas pipe or
conduit 145 1s connected to the casing 118. To a cou-
pling part 146 of the rotary assembly 132 are connected
an entry-side cooling water pipe 147 and an exit-side
cooling water pipe 148. Connected to the trunnion shaft
141 through said intermediate piece 142, the rotary
assembly 132 rotates as the trunnion ring 141 tilts.

The rotary assembly 132 may be connected directly
direct to the trunnion shaft 141 thereby eliminating the
intermediate piece 142 which is interposed therebe-
tween 1n the embodiment as shown 1in FIG. 11. Then,
the coupling part 146 of the rotary assembly 132 is
axially extended and structured so as to allow the oxy-
gen pipe 139 to radially project therefrom.

In this embodiment, a flow-rate control valve 149 is
respectively provided in each oxygen supply pipe 123
thereby permitting different flow rates of oxygen into
the vessel via oxygen injection nozzles respectively
associated with each supply pipe 123.

Usually in a bottom-blown converter, all metal-refin-
ing gas is injected through the tuyeres at the bottom. To
supplying this large quantity of gas, many tuyeres (rang-
ing from 12 to 30 in number) are used. To control the
flow rate of the individual tuyeres, control valves and
other intricate auxiliary equipment must be installed in
the vicinity of the bottom of the vessel. From the view-
point of manufacturing and maintenance, such an ar-
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FIG. 13 shows an embodiment, according to the
present invention of the passageway in the trunnion ring
and shaft through which oxygen or other fluid passes.

Through a trunnion ring 150 and trunnion shaft 151 is
provided a conduction port 155 that extends from the
end surface 153 of the trunnion shaft 151 facing a rotary
joint 152, to the bottom surface 154 of the trunnion ring
150, thereby extending substantially along a quadrant.
A curved conduit 156 i1s adapted to be passed through

the conduction port or passageway 155. The conduit

156 1s connected to an inner pipe 157 of the rotary joint
152 at its far end, and is connected to a gas pipe 158
carrying oxygen etc. at its near end.

In the above structure, the conduction part 15§ may
be used as a passageway thereby eliminating the conduit
156. In this case, the inner pipe 157 i1s connected, di-

rectly or through an intermediate pipe, to the end sur-
face 153 of the trunnion shaft 151 so as to communicate

with the conduction port 15§, and the gas pipe 158 is
connected to the bottom surface 154 of the trunnion
ring 150. Or, the conduction port 155 may be extended
to in the upper surface 159 of the trunnion ring 150.

When the passageway through the trunnion ring and
shaft is thus formed, the following favorable results are
obtainable:

(1) A curved fluid pipe can be passed through the
short non-driven side trunnion shaft.

(2) The absence of additional joints facilitates manu-
facturing, assures easy disassembly when the curved
pipe breaks and thereby eliminates the necessity for
removing the steel shell or stopping the converter oper-
ation.

(3) With a bottom-blown or top-and-bottom blown
converter introducing fluid as oxygen or oxygen plus
powdered lime, it is a common practice to utilize a pipe

- having a radius of curvature not smaller than 3 times the

50

35

rangement is practically impossible. By contrast, use of 60

the rotary joint according to this invention simplifies
the bottom structure and facilitates the gas control op-
eration.

In the foregoing first to fifth embodiments, the rotary
joint was coupled to the non-driven side trunnion shaft.
Nevertheless, a according to the present invention may
rotary joint be coupled to either a driven-side trunnion
shaft or to trunnion shafts respectively located on both

65

diameter of the pipe so as to prevent the oxygen-
induced combustion or explosion of the piping. From
this perspective, the above-described improved struc-
ture insures a high degree of safety.

FIGS. 14 and 15 show an embodiment according to
the present invention wherein a sleeve i1s mounted over
the trunnion shaft.

According to a conventional arrangement there 1s
provided on the inside of the bearing section supporting
a trunnion ring, a conventional sleeve which is con-
nected to the exit end thereof by welding, screwing in,
or other method. In this area, a cover is provided to
protect the piping from a large quantity- of material
comprising refractory or molten metal falling from the
hood above the converter top. When a large amount of
material falls thereon, the cover is deformed thereby
damaging the piping. To repair or replace the damaged
piping, the cover must be removed first, which, how-
ever, cannot be achieved until a large heat-insulating
plate, protecting the bearing section, has been removed.
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The aforementioned has resulted 1n a difficult malnte-
nance operation.

In order to overcome the aforementioned disadvan-
tages, the improved sleeve, according to the present
invention has a funnel-like shape and extends far enough
to cover a trunnion shaft joint.

As shown in FIGS. 14 and 139, a sleeve 160, shaped
like a funnel, extends from inside a bearing 161 to the

near side of a trunnion ring 163 thereby covering a

trunnion shaft joint 162. A fluid passageway 164 1s de-
fined by the space between the inner periphery of the
sleeve 160 and the outer periphery of the ring 163. The
preferable distance 1 between the top and bottom sur-
face of the trunnion ring, and/or the top and bottom end
of the trunnion shaft joint, and the end of the end of the
sleeve 160 is between 0 and 500 mm. Or, the sleeve end
may slightly projects beyond the top and bottom and
both sides of the trunnion ring.

Arranged as described above, the sleeve 160 facili-
tates the welding of vessel-side piping 1635, thus increas-
ing the reliability of the equipment. In the event that the
piping or piping joint fractures, easy access thereto can
be attained from above the trunnion ring without re-
moving a heat-insulating plate 166. Thus this arrange-
ment is conductive to a shortening of the downtime
associated with a piping or piping joint fractures.

' Metal-refining oxygen, cooling propane, natural gas,
and kerosene are passed through the sleeve, and because
a fracture of the piping and piping joint can possibly
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20

lead to explosion or to a counter flow and leakage of 30

molten metal, the improved sleeve according to the
present invention substantially eliminates such danger-
ous possibilities.

Since the rotary joint 1s a con31derably large and
heavy piece of equipment, and the forces of the fluids
are exerted thereon, to support its own weight and to
withstand the forces of the fluids, the rotary joint is held
by a supporting device.

Generally, the rotary joint support must satisfy the
following requisites: '

(1) The fixed side or the casing of the rotary shaft
must be held stationary so as not to rotate.

(2) After extended use, the trunnion shaft tends to tilt
about the spherical bearing, as a result of which the
rotary joint rotates eccentrically. Notwithstanding such

eccentric rotation, the rotary joint must be capable of

moving up and down, and back and forth without
strain.

(3) The bending moment exerted on the flange sec-

35
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45

tion by the weight of the rotary joint and the effect of 50

the forces of various fluids must be reduced to a mini-
mum.

FIGS. 16 and 17 show an embodiment of a rotary
joint support satisfying the above requisites according
to the present invention.

The flange 168 of a rotary joint 167 is fastened to the
end of a trunnion shaft 170 by bolts 169. An anti-rota-
tion pin 172 projecting from the bottom of the fixed part
or casing 171 of the rotary joint 167 fits somewhat
loosely in an anti-rotation pin support 173, leaving an
adequate clearance therebetween. The fixed part 171 1s
suspended by a rope 174 attached to the top thereof.
The rope 174 is attached to a weight 176 and is opera-
tively associated with pulleys 175. The weight 176 is
supported by suitable means so as not to swing back and
forth.

By using a weight that is equal to or lighter than the
rotary joint, the bending moment due to the weight of
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the rotary joint-can be substantially elimindted. Sus-
pended by the rope, the rotary joint can move freely as
the weight moves up and down. In addition, this simple
structure is relatively trouble free and i1s economical to
manufactured and to install.

With the arrangement as described above the maxi-
muim bending moment acting on the flange of the rotary
joint is due to the forces of the oxygen, compressed air,
etc. passed through the passgeways of the rotaryv joint.
Since the rotary joint, as stated before, rotates eccentri-
cally as the trunnion shaft includes due to the tilting of
the converter, the fluid supply pipes are joined together
by expansion pipes, flexible hoses, or the like.

When highly pressurized fluids are supplied, these
expansion pipes and flexible hoses are subjected to great
forces. A, small-diameter flexible hose, up to approxi-
mately 80 mm in diameter, can be readily bent with only
a small force exerted thereon. When the diameter ex-
ceeds 80 mm, the hose becomes too rigid to be bent
easily. Thus in order to bend larger-diameter hoses with
a small force, the length must be increased. Therefore,
the use of large-diameter flexible hoses 1s practically

difficult.

23 ',develops a great bendlng moment at the flange of the

An expansion pipe 1s subjected to large forces, which

rotary Jomt If the pipe diameter is 200 mm and the fluid
pressure is 10 kg/cm?, the resulting reaction force can
be derived from p=PXA(where A=the cross-sec-
tional area of the pipe=329 cm?). Hence,
p=10Xx329=3290 (kg).

‘This large force often breaks the flange of the rotary
joint. The force is particularly great when utilizing a
bottom-blown or top-and-bottom blown converter 1in
which the oxygen pressure reaches between 5 and 10
kg/cm? and the pipe diameter ranges from 150 to 300
min.

FIGS. 18 through 22 show a device which reduces
the effect of the forces of fluids, by providing a pressure

of force balancing expansion section in the flexible fluid

supply pipe.

FIG. 18 is an overall view, and FIG. 19 a partially
enlarged view, of a fluid force effect reducing device.
Reference numeral 177 designates a trunnion shaft, 178
the flange of a rotary joint, and 179 the rotary joint. A
supply pipe 180 is in the curved vicinity of the passage-
way adjacent the rotary joint 179, and a supply pipe 180
is coupled thereto. An enlarged view of the device is
shown in FIG. 19. The supply pipe 180 communicates
with to a supply pipe 182 through a first flexible pipe
181. A second flexible pipe 183 communicates with the
supply pipe 182, and is curved so as to reach the supply
pipe 182. The lower end of the flexible pipe 183 is cov-
ered with a blind flange 184, and the flange 184 1s con-
nected to a flange 185 situated on the first flexible pipe
181, by means of threaded connecting rods 186 and 187
fastened by nuts (the flange 184 may be directly con-
nected to the supply pipe 180).

With this structure as described above, a high-pres-
sure fluid flowing in the direction of the arrow A exerts
pressure on the blind flange 184 of the flexible pipe 183.
This pressure, however, is also exerted on the connect-
ing rods 186 and 187 thereby substantially reducing the
effect of the pressure because it acts to expand the flexi-
ble pipes 181 and 183, thereby the pressure, which is a
force acting on the blind flange 184, is substantially
eliminated by the reaction force of the rods 186 and 187
and the flexible pipes 181 and 183.
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Another embodiment of the force effect reducing
device according to the present invention is shown
FIGS. 20 and 21. A pressure-balancing flexible pipe
communicates with and is adjacent to the straight sec-
tion of the supply pipe 180. As shown in FIG. 21, flexi-
ble pipes 188 and 189, having the same diameter, are
connected together, and a flexible pipe 196, havmg an
inside diameter V2 times that of the flexible pipes 188

and 189 is interposed therebetween. A flange 191 of the
flexible pipe 188 is connected to a flange 192 thereby

190 by means of connecting rods 193 and 194 fastened
with nuts. Likewise, the flange 195 of the flexible pipe
189 is connected to a flange 196 thereby externally
joining together the flexible pipes 188 and 190 using
connecting rods 197 and 198 fastened with nuts. When
the pressurized fluid is flowing in the direction of the

I5

arrow, the force thereby acting on the flange 196 and -

the force required to expand the flexible pipe 189 are
balanced, the latter being supported by the connecting
rods 197 and 198. Likewise, the force acting on the
flange 192 balances with the force required to expand
the flexible pipe 188, the latter being supported by the
connecting rods 193 and 194. Thus the force of the fluid
that 1s exerted on the fluid supply pipe system 1s effec-
tively eliminated.

FIG. 22 shows a modification of the embodiment
shown in FIG. 21, in which a flexible pipe 199 is posi-
tioned around the outer periphery of a flexible pipe 200.
- This arrangement eliminates one set of coupling rods.

~As understood from the above, the fluid force effect
reducing device is a simple practical unit that can sub-
statially eliminate the bendlng moment acting on the
rotary joint flange.

FI1G. 23 shows a still further embodiment of a rotary
joint according to the present invention. In this embodi-
ment, pipes and conduits are connected in a fashion that
1s substantially different from that of the above-
described embodiments. Namely, a rotating casing is
coupled to a trunnion shaft, and refining gas, protective
gas and cooling water supply pipes are connected to a
stationary assembly.

A casing 202 of a rotary joint 201 comprises a first
cylindrical member 203 and a second cylindrical mem-
ber 204 having different diameters. In the inner periph-
eral surface of the first cylindrical member 203 at the far
side are provided two axially spaced, circular communi-
catton grooves 205. The first cylindrical member 203
has communication ports 206 respectively opening into
the individual communication grooves 205. Protective
gas conduits 207 are connected to member 203 so as to
respectively communicate with the communication
grooves 205 through the respective communication
- ports 206.

The second cylindrical member 204, which has a
slightly smaller diameter than the first cylindrical mem-
ber 203, 1s connected with bolts etc. to a trunnion shaft
208 at the near end of member 203 and has a cylindrical
axial projection 210 which extends outwardly (to the
right in the figure) from the inner part of the far end. To
this second cylindrical member 204 is attached an entry-
side cooling water pipe 212 which communicates with
an annular space 211 formed on the radial inside of the
projection 210 and an exit-side cooling water pipe 214
which communicates with an annular space 213 formed
on radial the outside of the projection 210.
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A stationary assembly 215 comprises an inner pipe
216, an outer pipe 217, and an outer cylinder 218, the far
ends of which are connected to a body 219.

The inner pipe 216, disposed radially innermost, is
conncted to a refining gas supply pipe 221 through an
elbow 220 at its far end, and at its near end the pipe 216
communicates with an intermediate pipe 223 placed in a
axially extending opening 222 of the trunnion shaft 208.

10 The near end of the inner pipe 216 comprises a sliding

externally joining together the flexible pipes 189 and

part 224 which rotatably fits into the secondary cylin-
drical member 204. A ball bearing 225 and an O-ring
226 are interposed between the inner peripheral surface
of the second cylindrical member 204 and the outer
peripheral surface of the sliding part 224.

The near end of the outer pipe 217 rotatably fits into
the far end of the projection 210, with an O-ring 227
interposed therebetween.

In the outer cylinder 218 adjacent the radially out-
wardly extended port 228 there is provided a conduc-
tion port 229 which opens into the communication port
203 at its one end and into a pipe 230, at its other end. A
protective gas supply pipe 230 is connected to the ex-
tended part 228 so as to communicate with the conduc-
tion port 229. A ball bearing 231 and an O-ring 232 are
interposed between the inner peripheral surface of the
first cylindrical member 203 and the outer per1pheral
surface of the outer cylinder 218. -

A cooling water supply pipe 233 a discharge pipe 234
are connected to the body 219 of the stationary assem-
bly 215. The former communicates with the entry-side
cooling water pipe 212 by way of an annular space 235
located between the inner pipe 216 and outer pipe 217,
while and the latter communicates with the exit-side
cooling water pipe 214 by way of an annular space
located between the outer pipe 217 and outer cylinder
218.

The rotary joint 201 of this embodiment functions
like those of the foregoing embodiments, except that the
casing 202 rotates integrally with the trunnion shaft 208
and that the inner pipe 216, outer plpe 217 and outer
cylinder 218 remain stationary.

What is claimed is:

1. A fluids supply apparatus for a converter having a
plurality of tuyeres at the bottom thereof and supported
by a tiltable trunnion ring having an axially projecting
trunnion shaft, each tuyere having a refining gas injec-
tion nozzle and an annular protective gas injection noz-
zle coaxially extending around the refining gas injection
nozzle, said supplying apparatus comprising:

a rotary joint having a non-rotatable casing member
and a rotary assembly coupled to the trunnion
shaft;

said rotary assembly having a cylindrical member
axially extending within said casing member and
sealingly and rotatably positioned with respect
thereto;

a refining gas supply conduit having one end con-
nected to the tuyeres for supplying refining gas to
the refining gas injection nozzles thereof and hav-
ing the other end connected to said rotary assem-
bly;

a plurality of protective gas supply conduits, each
having one end respectively connected to one tu-
yere for supply protective gas to the protective gas
injection nozzle thereof and having the other end
connected to said rotary assembly;
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said rotary assembly having a plurality of passage-
ways, each respectively communicating with one
of said protective gas supply conduits;

said members having a groove and port communica-
tion means for respectively communicating said
passageways with the outside surface of said casing
member;

a plurality of protective gas supply pipes, each re-
spectively connected to the outside surface of said
casing member and communicating with said
groove and port communication means for respec-
tively supplying protective gas to one of said pas-
sageways;

a refining gas supply pipe connected to said casing
member; and

said casing member and said rotary assembly having
a channel communication means for communicat-
ing said refining gas supply conduit with said refin-
ing gas supply pipe.

2. A fluids supply apparatus as claimed in claim 1,
wherein said groove and port communication means
includes said casing member having ports through the
outside surface thereof, each of said ports respectively
communicating with one of said passageways and one
of said protective gas supply pipes.

3. A fluids supply apparatus as claimed in claim 2,
wherein said groove and port communication means
further includes said casing member having circumfer-
entially extending grooves in the inner peripheral wail
thereof, each of said grooves being axially spaced from
one another and communicating one of said passage-
ways with one of said ports.

4. A fluids supply apparatus as claimed. in claim 2,
wherein said groove and port communication means
further includes said cylindrical member having cir-
cumferentially extending grooves in the outer periph-
eral wall thereof, each of said grooves being axially
spaced from one another and communicating one of
said passageways with one of said ports.

5. A fluids supply apparatus as claimed in claim 2,
wherein said groove and port communication means
further includes said casing member having at least one
circumferentially extending groove in the inner periph-
eral wall thereof and said cylindrical member having at
least one circumferentially extending groove in the
outer peripheral wall thereof, each of said grooves
being axially spaced from one another and communicat-
ing one of said passageways with one of said ports.

6. A fluids supply apparatus as claimed in claim 2,

further comprising flow rate control valves, each of 50

said valves being operatively associated with one of said
protective gas supply pipes for controlling the flow of
fluid therein. .
7. A fluids supply apparatus as claimed in claim 2,
wherein said channel communication means includes an
inner pipe axially extending within said cylindrical
member and coaxially disposed with respect thereto.
8. A fluids supply apparatus as claimed in claim 7,
further comprising:
the outer diameter of said inner pipe being substan-
tially smaller than the inner diameter of said cylin-
drical member; |
an outer pipe axially extending within said cylindrical
member and coaxially disposed with respect
thereto and surrounding said inner pipe;
said outer pipe having an annular space therein be-
tween the outer peripheral wall of said inner pipe
and the inner peripheral wall of said outer pipe.
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9. A fluids supply apparatus as claimed in claim 8,
wherein said annular space is filled with a sealing gas.

10. A fluids supply apparatus as claimed in claim 8,
further comprising a gas detecting means operatively
associated with said annular space for detecting the
presence of gas therein.

11. A fluids supply apparatus as claimed in claim 7,
further comprising:

an electical conduit positioned inside said inner pipe
and having a portion thereof projecting from said
casing member for housing electrical wires extend-
ing to the converter bottom; and |

an electrical connector attached to said projecting
portion of said electrical conduit.

12. A fluids supply apparatus for a converter having
a plurality of tuyeres at the bottom thereof and sup-
ported by a tiltable trunnion ring having an axially pro-
jecting trunnion shaft, each tuyere having a refining gas
injection nozzle and an annular protective gas injection
nozzle coaxially extending around the refining gas in-
jection nozzle, said supplying apparatus comprising:

a rotary joint having a rotating casing member cou-
pled to the trunnion shaft and a stationary assem-
bly; |

said stationary assembly having a cylindrical mem-
ber, a portion thereof axially extending within said
casing member, said casing member being sealingly
and rotatably positioned around said portion of said
cylindrical member, one end of said cylindrical
member outwardly projecting from said casing
member and away from the trunnion shaft;

a refining gas supply conduit having one end con-
nected to the tuyeres for supplying refining gas to
the refining gas injection nozzles thereof and hav-
ing the other end connected to said rotating casing
member; |

a plurality of protective gas supply conduits, each
having one end respectively connected to one tu-
yere for supplying protective gas to the protective
gas injection nozzle thereof and having the other
end connected to the outside surface of said rotat-
ing casing member;

said rotary casing member having ports through the
outside surface thereof, each of said ports respec-
tively communicating with one of said protective
gas supply conduits;

a plurality of protective gas supply pipes, each re-
spectively connected to the outside surface of said
cylindrical member one end;

said stationary assembly having a plurality of pas-
sageways, each respectively communicating with
one of said protective gas supply pipes;

said members having a groove communication means
for respectively communicating said passageways
with said ports; +

a refining gas supply pipe connected to said station-
ary assembly; and

said rotating casing member and said stationary as-
sembly having a channel communication means for
communicating said refining gas conduit with said
refining gas supply pipe.

13. A fluid supply apparatus as claimed in claim 12,
wherein said groove communication means includes
said rotating casing member having circumferentially
extending grooves in the inner peripheral wall thereof,
each of said grooves being axially spaced from one
another and communicating one of said passageways
with one of said ports.
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14. A fluid supply apparatus as claimed in claim 12,

wherein said groove communication means includes
said cylindrical member portion having circumferen-
tially extending grooves in the outer peripheral wall
thereof, each of said grooves being axially spaced from
one another and communicating one of said passage-
ways with one of said ports. |

15. A fluids supply apparatus as claimed in claim 12,
wherein said groove communication means includes

10

15

20

25

30

35

45

50

33

60

63

18

said rotating casing member having at least one circum-
ferentially extending groove in the inner peripheral wall
thereof and said cylindrical member portion having at
least one circumferentially extending groove in the
outer peripheral. wall thereof, each of said grooves
being axially spaced from one another and communicat-

ing one of said passageways with one of said ports.
¥ ¥ %k ¥ x
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